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Highlights• The morphological configuration of the urban space is the result of several different projects.• These cartographical projects include the supply of water to cities, the channelling of rivers, and the estab-
lishment of drainage and sewer systems, among others.• Hydrological cartography is the key to understanding the current configuration and structure of Spanish 
cities.• The case of Burgos allows us to discern what the trigger for the internal and external restructuring of the 
present-day cities was.
If we want to understand the morphological configuration of the urban space of 
some Spanish cities, it is necessary to research the different types of cartography 
that exist in the city. Among the many kinds of maps produced over time, we find 
a type of cartography that is a direct product of the interests on the structure of 
the city: the maps of civil engineers.
The topographic map of Burgos created by the civil engineers Mariano Martín 
Campos and Eduardo Lostau in 1894 and their sanitary project are framed with-
in a type of cartography denominated hydrological cartography. These types of 
maps, which have scarcely been studied, were the result of the approach of bring-
ing water to cities, channelling rivers, or installing sewerage systems.
This is the case of Burgos, where the urban planning was a product of the search 
for a solution to the floods and the insalubrity problems that had existed for dec-
ades, and of a desire, therefore, to restructure the city. In addition, as an added 
value, this map constitutes the first plan proposed at 1: 1,000 scale and with 
precise altimetry. The accuracy of this map led the civil engineers to propose it 
as the basis for a plan of alignments. In this way, this map is presented as the be-
ginning of the internal (i.e., sewerage system and channelled rivers) and external 
(i.e., streets) restructuring of the city and an example for the rest of Spanish cities 
with the same problems: floods, restructuring of the streets and sanitation.
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1. Introduction
The current urban configuration in many coun-
tries is based on their many attempts to avoid 
water problems during the 19th century. At that 
time, the link between the growth of cities and the 
spread of disease led some countries to adopt a 
new perspective on health risks (Hamlin, 1992). 
For example, in the last third of the 19th century, 
England became the leader in terms of sanitation. 
Starting at that time, the mechanisms available to 
fight classic epidemics were reassessed, new pre-
ventive measures against transmissible diseases 
were adopted, a shift of focus from the environ-
ment to the people took place (Rodríguez Ocaña, 
1994), and different by-laws concerning health 
were passed in many cities. Those by-laws affected 
areas as diverse as drains and sewers, street light-
ing, the regulation of accommodation, slaughter-
house activity, and markets. 
However, these healthcare concerns spread slowly 
in most countries (Wohl, 1983), including Spain. 
By the end of the 19th century, Spain was clear-
ly a backward nation in economic, political and 
social terms. This resulted in a proposal to adopt 
measures and develop infrastructure already in 
place in other European countries (Arnould, 1902; 
Sussman, 1997; Poligliano, 1984; Hildreth, 1987). 
The recommended modernisations included sani-
tation, as the state of health of the Spanish urban 
population left much to be desired (Real Consejo 
de Sanidad, 1901). 
Conditions in Madrid, for example, were complete-
ly deficient, despite the extensive public works 
that had been carried out since 1856 on the city’s 
sewers and drain network. There were over 3,000 
cesspits in the city, while in outlying neighbour-
hoods and parts of the old city, the sewers had 
no traps to prevent the release of noxious fumes 
and more than 4,000 homes had no direct water 
supply (Hauser, 1902). Meanwhile, Barcelona City 
Council undertook a sanitation project between 
1885 and 1893. As part of that project, tanks were 
built from which water was to be released in order 
to maintain the circulation in the sewer and drain 
system, due to insufficient connections to dwell-
ings (Capel and Tatjer, 1991). In 1901, a conflict 
broke out in Seville between the League of Own-
ers and the City Council which almost halted the 
construction of new drains in the old city (Pulido 
Fernández, 1992). 
Specifically, of the seven Spanish cities with more 
than 100,000 inhabitants, only Zaragoza and Se-
ville had extensive modern systems of drains, al-
though the water supply was deficient. In Madrid, 
Valencia and Malaga, the land set aside for wa-
ter was unusable due to the poor state of repair 
of the drains; while in Barcelona and Murcia, the 
installations were also deficient. The high death 
rate due to infections was seen as evidence of the 
importance of the sanitation problem and of the 
relative backwardness of Spain in questions con-
cerning urban reorganisation (Hauser, 1913; Puli-
do Fernández, 1902): urgent action was required.
2. Burgos at the end of the 19th 
centuryBurgos was among the cities that attempted to 
solve the sanitation problems. However, in this 
case, the origin of the sanitation and urban reor-
ganisation was more closely related to the floods 
that the city had suffered during the last quarter of 
the 19th century than with the propagation of in-
fectious diseases (Rodríguez Santillana, 2002 and 
Archivo Municipal de Burgos, 18 -924); it was the 
first among them in doing so, and it become the 
model for the rest of cities which faced the same 
issues.
In order to tackle these problems, restructuring 
schemes such as the canalisation of water in 1888 
and the installation of street lighting had been un-
dertaken. A civil honour was requested for this 
work (Archivo Municipal de Burgos, 2-505). How-
ever, the absence of a drainage system to evacuate 
waste did not allow the objectives of the sanita-
tion and reorganisation of the city to be complete-
ly met. Those objectives were seen as particularly 
important since it had been suggested that Burgos 
would soon reach a population of 40,000. There-
fore, if urban reorganisation and sanitation were 
not undertaken, the city would face problems as-
sociated with both floods and poor health condi-
tions.
However, in order to carry out a detailed study for 
a drain and sewer network, a topographic map 
showing levelling precisely was needed. This was 
because it was necessary to study the inclinations 
on which the speed of the flow of water would 
depend; and on which, in turn, the transport of 
solid debris would depend. In addition, as drains 
already existed in part of the city, it was vital to 
draw up another map in order to facilitate to the 
greatest possible degree the use of the work previ-
ously carried out and thereby reduce the costs as 
far as possible. For this reason, on 28th July 1890, 
Aparicio Mendoza, a member of the Municipal 
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Corporation and of the executive committee of the 
Water Board, called for a general map of the town 
to be drawn up together with another map of the 
drains, as the starting point for the improvements 
that were to be made.
The person who was to be in charge of executing 
both projects was the municipal architect, Saturn-
ino Fernández. However, his workload made it im-
possible to carry out the tasks. The alternative put 
forward was the civil engineer Ramón Aguinaga 
Arrachea (Coronas Vidas, 2008), who, in August 
1890, proposed a work plan to be executed in two 
years. 
Once the municipal architect received and read 
the dossier, he sent his opinion to the Works Com-
mission. Among his observations, it stands out the 
fact that he approved of the idea that one map of 
the historical city should be drawn up to a scale 
of 1:500, but considered that another map, at 
1:5,000 scale, should cover the whole of the ter-
ritory included within the legal limits of the mu-
nicipality of Burgos. In addition, he recommended 
adopting the provisions of the Waters Act of 1877, 
as it was a project that affected the state of health 
of the population of the city. 
The Works Commission also thought it wise to 
seek the opinion of the civil engineers who resid-
ed in the city and ask for their collaboration in the 
project: Felipe Gutiérrez, Miguel Milano Guijarro, 
Mariano Martín Campos and Eduardo Lostau. The 
first two turned down the offer to participate, due 
to work commitments; but the last two agreed to 
take part, although with certain changes to the de-
tails of the plan.
2.1 The proposal by Mariano Martín Campos 
and Eduardo Lostau y Páramo
The details concerning the drawing up of the top-
ographic map presented by the civil engineers 
Martín Campos and Lostau included a proposal, an 
economic report and a series of special guidelines. 
The most notable changes with respect to the de-
tails provided by Aguinaga were the 1:1,000 scale 
for the map of the whole area and the 1:200 scale 
for the detailed sections. This latter change was 
the result of studying the details of maps of cities 
of corresponding importance, such as Valladolid 
(Virgili Blanquet, 1979) and Zaragoza (Villanova, 
2011), for which the scale used for the detailed 
sections was 1:250, therefore corresponding to a 
surface area one third smaller than that proposed 
in the case of Burgos.
For the drain and sewer project, they stated that it 
would consist of:
• A report of the sanitary conditions in Burgos; 
the situation of the drains; the improvements 
and benefits expected for public health; the 
system chosen and an argument defending it; 
the arrangement and shape of the pipes, gal-
leries and main collector sewers; drains; po-
lice regulations; etc.
• Maps showing the situation of the drains at the 
time as well as the proposed network of drains 
and main collector sewers together with de-
tailed information on these components and 
all the work necessary to draw up the maps.
• The budget for the work and the income that 
could be obtained from special rights and use 
of the waste waters.
• Conditions for the execution of the work.
After Aguinaga withdrew his proposal, only the 
one presented by these two civil engineers re-
mained. The City Council accepted the conditions 
proposed for the drawing up of the map and study 
of a general drain and sewer network, together 
with the budget. The Council did, however, request 
that they present the details necessary to draft the 
project for the drain network; this was done on 
12th June. 
The municipal architect wrote a report in which 
he indicated that the maps to be drawn up at a 
scale of 1:200 should cover the neighbourhoods of 
Huelgas and Hospital del Rey as well as the inter-
mediate land located between them and the city 
centre; the limit of the perimeter would be drawn 
at Puente de Malatos. With regard to the project 
for the restructuring of the drain network, he ar-
gued that this should include maps and budgets 
for all the work related to the water network and 
not just plans for the work involved in the new 
drains and restructuring of the existing network. 
He said that all the work should be carried out par-
tially and that it was necessary to make use of all 
the watercourses that had been used up until that 
time.
In August 1891, the City Council granted the engi-
neers permission to start work. It was agreed that 
the deadline to draw up the map would be elev-
en months thenceforth, and then eight months to 
draft the project for the drains, allowing a total of 
20 months to complete both parts of the project. In 
June 1892, after justifying a delay with respect to 
what had been agreed upon due to the high work-
load, the impossibility of collecting data in the 
field during winter and the shortage of auxiliary 
personnel, the progress of the work was consid-
ered satisfactory. Only one sixth of the collection 
of data in the field was still to be completed, with 
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those data being used for both parts of the project, 
and less than half of the office work remained to 
be completed. 
The scale used for the detailed maps was 1:200, 
which offered more detail than the maps of any 
other similar city in Spain; and the territory cov-
ered was so large that together the sheets of the 
detailed map took up a space of 13 m x 9 m. The 
precision that resulted from the use of such a 
scale meant that no detail of the general bulk of 
constructions and buildings was left out of the 
maps. However, after discussion with the Munic-
ipal Corporation, the Works Commission and the 
municipal architect were informed of changes in 
the execution of the general map. It was argued 
that, due to the degree of precision of the detailed 
maps, there was nothing to be lost by reducing the 
scale of the general map to 1:2,000, which would 
have two main advantages over the use of a scale 
of 1:1,000 agreed:
• in the first place, use of a 1:1,000 scale would 
make it impossible to represent the whole city 
on a single sheet. This would entail that there 
would be no overall general view and that 
there would be several discontinuities in the 
image;
• when time came to implement the work, it 
would be much more comfortable and man-
ageable to use a map consisting of just one sin-
gle sheet.
In addition to this modification, it was considered 
that, due to the vast volume of data collected up 
until 1892 with great detail and precision, it was 
possible to appreciate the big picture containing 
the conditions of each of the different elements 
that constituted the city of Burgos. This was of 
great significance when it came to establishing a 
plan for restructuring and implementing improve-
ments. It was suggested that modest, practical and 
feasible solutions should be sought to perfect what 
already existed constantly and progressively, from 
the double perspective of ornamentation and hy-
giene. Grandiose projects of broad boulevards and 
long avenues could not be considered due to the 
limits of the Council’s funds; and furthermore, if 
Madrid had not taken on such ambitious projects, 
Burgos certainly did not need to. 
The architect considered that the arguments put 
forward were reasonable and the change of scale 
of the general map could be accepted. However, 
he once again pointed out that, according to a re-
port of 16th July 1891, the detailed maps should 
cover the neighbourhoods of Huelgas and Hospital 
del Rey, along with the intermediate land between 
them and the city. Concerning the second point, he 
considered that, as the municipal corporation had 
to execute a project of restructuring and trace out 
the definitive plan of the city’s streets that com-
plied with the Enlargement and Interior Reform 
Act  of 1892, the work carried out by the two engi-
neers would be extremely useful because it would 
mean saving up money by not having to prepare 
another project. In August of that year, the City 
Council agreed to change the scale of the general 
map and approved the proposal to present a plan 
of reforms and improvements, which contained 
choices that were feasible considering that the 
city would have to execute the general project of 
restructuring and tracing out the definitive plan of 
the city’s streets once the work had been present-
ed. Because of this, Burgos was not only the first 
city to start a project to prevent floods and insalu-
brity, but it also was the first to unite two different 
projects in one map. Moreover, the value of these 
increased due to the occupation of their map mak-
ers: civil engineers, something very uncommon at 
the  time.
In 1893, the drain and sewer map for the neigh-
bourhoods in the southern area was presented, 
including a main collector sewer in the Gimeno 
ravine. These neighbourhoods were affected by 
serious health problems as they had no drain sys-
tem. All of this was accompanied by reports, files, 
maps, budgets and detailed notes. In June 1894, a 
proposal was presented for a general sanitation 
system; in July, they also presented the topograph-
ic map of the city.
Figure 1: Part of the drain and sewer Project. Source: Archivo Municipal de Burgos, signature 18 -1583
Floods and insalubrity as the trigger for city restructuring in Spain: the case of Burgos 9
UPLanD - Journal of Urban Planning, Landscape & Environmental Design, 3(2)http://upland.it
Figure 2: Project of automatic mechanisms. Source: Archivo Municipal de Burgos, signature 18 -1583
2.2 Project for the sanitation of the city of 
Burgos
In their proposal for the sanitary system, the en-
gineers pointed out that the drains and sewers 
lacked water and so they adopted a system that 
had been used in other major European cities 
(Halliday, 2013; Geneviève, 2007; Rodger, 1996). 
The system was based on installing water tanks 
with a capacity of two to three cubic metres each. 
These would be filled by the runoff from public 
water fountains. Once a tank was full, and through 
the action of an automatic mechanism, it would 
empty out its water all at once, and the water dis-
charged from the tank would then flush through 
the drain. Due to the small amounts of water that 
the tanks could hold, this action would be repeat-
ed three or four times every 24 hours. Due to the 
shape and arrangement of the existing drains, the 
engineers considered using circular section pipes 
made of liquid- and gas-resistant materials that 
passed through them. It was suggested that the 
automatic mechanisms and the pipes be acquired 
abroad, as they were not made to the necessary 
degree of precision by the Spanish industry. All 
these reasons led to the preference for the work 
on the most important parts of the drain system to 
be contracted out. It was also taken into account 
that, although it would be slower, the work should 
be carried out in accordance with the require-
ments of a general plan. It was calculated that the 
cost of this system of drains would not exceed that 
of similar drain networks and it was considered to 
be of benefit to the city. Indeed, although it would 
be necessary to construct water tanks, automat-
ic mechanisms, ventilation and inspection shafts, 
street drains, and so on, the pipes would still be 
more economical.
The architect and the Works Commission consid-
ered that it was a priority to provide the city with 
a network of drains and sewers, particularly in 
certain areas which completely lacked this infra-
structure. It was therefore agreed that they would 
construct a pilot scheme to test the proposed sys-
tem. This would act as a prototype allowing any 
defects in the proposal to be rectified, and exact 
data concerning the cost of execution of the full 
project to be generated and collected. This would 
form the basis for the construction of the rest of 
the network. At the same time, the engineers were 
requested to select the place in the city where the 
pilot project should be constructed, taking into ac-
count the opinions of the architect regarding the 
limits on the extension of the drain network. Final-
ly, a branch of the drains running along Laín Calvo 
Street down to the main collector sewer was se-
lected (Rodríguez Santillana, 2002). After receiv-
ing a favourable report from the architect, it was 
agreed to tender out the work via auction.
It was necessary to wait until 1896 for a new budg-
etary period to begin and the public funding to be-
come available. After governmental approval, on 
4th February that year, a notification on the alloca-
tion of the work by public auction was published 
in the Official Provincial Bulletin, no. 20, with the 
winner being Emilio García. However, the work 
was delayed due to the difficulty in obtaining the 
materials that had to come from abroad, and so 
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the contractor had to request an extension. Work 
did not actually start until the end of September.
In December 1897 the president of the Works 
Commission signed the definitive receipt for the 
handing over of the drains. Once the working of 
the drain system had been observed, at the begin-
ning of 1898, the Commission sent up a positive 
report to the City Hall. However, the unfavourable 
economic situation made it impossible to install 
the system throughout the whole city. In 1899, 
part of the proposed design for the main drain and 
sewer system in the south of the city was handed 
over; and on 30th April the architect signed the 
definitive project.
3. The 1894 topographic map of 
Burgos
The research project succeeded in demonstrating 
The result of the work carried out between 1891 
and 1894 to draw up the topographic map of Bur-
gos and the project for the general drain and sew-
er network was a 1:2,000 scale map, consisting of 
a total drawn surface area of almost three square 
metres, and several more detailed sheets at a scale 
of 1:200.
The map is remarkable because it is part of a set 
of cartographic products that haven’t been stud-
ied very often: those produced by civil engineers 
with the aim of resolving various urban issues ex-
perienced at the end of the 19th century, such as 
problems related to water supply, drains, sewers, 
etc. In addition, it stands out in the history of Span-
ish sanitation because no general map for this 
purpose had been drawn up at this or any more 
detailed scale before then. At the same time, the 
way in which the altimetry is represented should 
be highlighted: this was done using equidistant 
two-metre contour curves, and not sketched as it 
had been previously.
The chart takes up a single sheet of 145 x 206 cm, 
with the title “Map of Burgos” appearing in the 
bottom left corner in black and grey capital letters. 
Next, from top to bottom, we can see the date on 
which it was submitted, the signature of the car-
tographers, the altitudes they took as references, 
and the geographical portion and the scale; while 
the proper names of the city landscape appear in 
the right-hand margin. 
Figure 3: Map of the city drawn up by the civil engineers Mariano Martín Campos and Eduardo 
Lostau in 1894. Source: Archivo Municipal de Burgos, signature PL-372
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The map was drawn in Chinese ink, using sienna 
for the contour curves, red for the grid lines, blue 
to highlight the hydrography, green to indicate 
parks or wooded areas, different shades of grey to 
mark public buildings, and hatching to represent 
arable land and black for the place names.
The map drawn up by the two civil engineers re-
flects very precisely the built-up areas of Burgos. 
It incorporates the names of the public streets and 
offers a complete image of the city in which we 
can appreciate in considerable detail the demar-
cation between the public and the private. All the 
city blocks are represented and the built-up areas 
within each one are clearly shown. The separation 
between each plot is indicated, with the private 
buildings being coloured in light grey, while build-
ings of a public nature (including religious and 
military buildings) are highlighted through the 
use of dark grey and their internal distribution is 
also shown.
In addition, this map constitutes an advancement 
with respect to the cartography that had been car-
ried out up until that time. This was represented 
through the use of equidistant two-meter contour 
curves, as the aim was to offer an image that re-
flected as exactly as possible the relief of the city, 
so that the map could be used in the installation 
of a system of drains and sewers in the city, and to 
precisely retrace the streets.  
The proposal to align and straighten streets includ-
ed numerous indications such as: the construction 
of new access routes into the city; providing access 
to the railway station; extending areas in the south 
of the city, where religious buildings predominat-
ed; straightening the streets in the historical cen-
tre of the city; restructuring the watercourses, etc. 
The municipal architect, Saturnino Fernández, ob-
jected to all of these proposals, indicating the den-
sity of the population in the historical city centre, 
the economic costs that would be incurred through 
expropriation of dwellings, and the impossibility 
of rehousing the displaced people in areas most-
ly dominated by the bourgeois middle class as the 
main obstacles to these plans. Therefore, the City 
Council opted to continue with the system of par-
tial alignment and straightening of streets.  
In this way, even in the nineteenth century, the 
project of Burgos made it become the first city to 
Figure 4: Sheet at a scale of 1:200. Source: Archivo Municipal de Burgos, signature PL-372
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propose a modern plan of sanitation for the whole 
city in Spain and also the first in including an 
alignment plan. This project entailed the modern-
isation of the city, and the changes made as a re-
sult of it were taken into account in later projects 
during the twentieth century. Moreover, the cities 
which presented these kinds of problems found in 
this project a feasible solution to their situations
4. Conclusions
In order to understand the morphological config-
uration of the urban space of a city, it is necessary 
to study the different types of cartography that 
are the direct product of various interests. These 
include such projects as the supplying of water to 
cities, the channelling of rivers, implanting drain 
and sewer systems, straightening and aligning 
streets, and allowing for population growth. 
For this reason, I consider that in the case of Bur-
gos (Spain), the topographic map of the city drawn 
up by the civil engineers Mariano Martín Campos 
and Eduardo Lostau in 1894 and which falls with-
in what we could call hydrological cartography, is 
key to deepening our understanding of the current 
configuration and structure of Spanish cities. This 
is the case because it represented the answer to 
various problems that had emerged at the same 
time: floods, restructuring of the streets and san-
itation. 
This study elucidates how some Spanish cities 
were able to place themselves at the same level as 
cities in other European countries in terms of san-
itation systems. In Burgos, we can consider this 
map, which grew out of the sanitary needs of the 
city, to represent the start of the internal and ex-
ternal restructuring of the present-day city
Figure 5: Sheet at a scale of 1:200.  Source: Archivo Municipal de Bur-
gos, signature PL-372
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